TTY Forum Test Results Summary

Technology: TDMA (IS-136)

Contribution Date: 9/08/98

Contribution Number: 98.09.08.10

Contributing Company: Lober and Walsh Engineering, Inc. (LWE)

Summary: This contribution outlines the testing done for the TDMA network by LWE.
The test equipment used was the CPT Mobility TTY, NXi 300vi TTY Modem, and the
Ultratec Intele-Modem. The cellular phones used for testing were the Motorola M70,
NEC Digitalk 2000, Phillips Aeon, and Ericsson DH368vi.

The test results for the Mobility compared to the other two TTY devices are as follows:

Mobility to NXi Averaged 1% CER
Mobility to Ultratec averaged 0.36% CER

These results show excellent performance during stationary %2 and % rate (i.e.
Transmission Speed) CER tests. This information is additional support that properly
matched devices can produce quality results. From these tests, two main issues surface in
the quest for better interoperability between TTY devices and Cellular Phones.
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SUPPLEMENTAL TEST REPORT

TEST PLAN
1. OVERVIEW

1.1 INTRODUCTION

This report is supplemental and supporting data for the-testing of TTY devices
over Live Digital Cellular Networks. The original test report was submitted to the
TTY forum, as contribution number 98.07.21.08.

It was determined in the earlier testing that acceptable Character Error Rates (CER)
could be achieved under certain circumstances, the major variable being the TTY
used on the “land side” of the connection. The following is a summary of the
previously reported test configuration, and results:

PC captures
received TTY
characters and

Mobile Switching scores results

Center
= __
RJ-11
dard I
Public Switched ) oo o

*-

——1
Mobility TTY

=
Other TTY

lilustration provided by Philips Consumer Communicalionsl

Telephone
Network

TTY sends
test script

Other TTYSs tested are: UltratecSuperpnnt, Ultratec Compact, UltratecEZCom Pro, Ameriphone Dialogue IIP
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Test 1
Mobility™ TTY: CER: 01.18%, Total: 510, Correct: 504, Changed: 05, Missed: 01, Added: 00
Ultratec Compact: CER: 18.04%, Total: 510, Correct: 418, Changed: 46, Missed: 46, Added: 05

Test 2
Mobility™ TTY: CER: 00.39%, Total: 510, Correct: 508, Changed: 02, Missed: 00, Added: 03
Ultratec EZCom Pro: CER: 23.14%, Total: 510, Correct: 392, Changed: 55, Missed: 63, Added: 05
Test 3
Mobility ™ TTY: CER: 00.78%, Total: 510, Correct: 506, Changed: 03, Missed: 01, Added: 00
Ultratec Superprint: CER: 08.24%, Total: 510, Correct; 468, Changed: 19, Missed: 23, Added: 00
Test 4
Mobility™ TTY: CER: 00.00%, Total: 510, Correct: 510, Changed: 00, Missed: 00, Added: 00

Ameriphone Dialogue:CER: 02.35%, Total: 510, Correct: 498, Changed: 07, Missed: 05, Added: 01
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2 NEW SCRIPT

It was also discussed at TTY Forum #6, that there should be a maximum of eight
errors scored for a missed shift character. It was determined that the best way to
guarantee this was with the generation of a new test script. Cellular Product
Technologies had submitted a new script to the wireless-tty list server, and no
feedback was received. This random character script guarantees there will never
be greater then eight consecutive letters or figures, resulting in a maximum of
eight errors for a missed shift character. Going on the assumption that this script
was acceptable, we have re-programmed our Mobility™ TTY with the new script
for further testing. See Appendix A for the program used to generate the new
script, and Appendix B for the script itself.
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3. CHARACTER DELAY

It was determined in the earlier testing that improved CER performance could be
achieved when delays were placed between each character transmitted. These tests
were performed using a full character delay between each character sent. With a
BIT duration at 45.5 BAUD of 21.98mS, this delay will reduce the Word per Minute
(WPM) rate from 68.25 WPM to 34.13 VWWPM (based on five character words).

Bit Rate | Character Rate | Ch rDelay | WordRate | WPM |
Without Delay | 220E-02 |  1.76E-01 0.00E+00 8 79E-01 68.25
With Delay _ 2.20E-02 1.76E-01 1.76€E-01 1.76E+00 34.13

At the time the NXi tests were performed, it was not clear just how much inter-
character delay was required to enhance performance. It has recently been
determined that a delay equal to three BITS in length is sufficient, this has the
effect of reducing the Word per Minute (WPM) rate from 68.25 WPM to 49.64
WPM. However, to reduce variables, the Ultratec tests were also performed with
a full character (8 BIT) delay.

Bit Rate | Character Rate | Character Delay | WordRate | WPM
Without Delay | 2.20E-02 1.76E-01 0.00E+00 8.79E-01 68.25
With Delay 2.20E- 1.76E-01 6.59E-02 1.21E+00 4964
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4. ADDITIONAL TESTING

Due to time constraints, all tests in this report are configured in a Mobile to Land
configuration only. Similar results are achievable if the equipment is configured
properly. Time permitting, these configurations will be performed and results
submitted to the TTY Forum.

41  NXICOMMUNICATIONS 300VI MODEM

Cellular Product Technologies was recently contacted by NXi Communications of
Salt Lake City, Utah. NXi manufactures a TTY MODEM (model 300vi) which is
used in conjunction with a Personal Computer (PC). NXi currently sells this
device for use in commercial, residential and PSAP applications. Tom
McLaughlin, President of NXi provided CPT with an NXi MODEM for evaluation,
and for use in our field tests.

42  ULTRATEC INTELE-MODEM

Cellular Product Technologies recently purchased an Ultratec Intele-Modem for
continued testing. The Intele-Modem device connects to a PC via an RS-232
serial port as if it were a standard external Modem. This device has been added
to the list of TTY devices capable of receiving TTY scripts to a file.

it must be noted that test results from this Ultratec device are not representative
of other Ultratec TTY devices tested. The technology used in the intele-modem
is different from that used in any other Ultratec TTY examined by Cellular
Product Technologies. It is our understanding that the Intele-modem is no longer
in standard production. The Intele-modem is not a stand-alone device, and
requires a computer for operation. Also, the Intele-modem requires AC voltage
for operation, and connects to a POTS phone. This device cannot directly
connect to a cellular phone without modification.
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5. SCORING RESULTS

51  SCORE APPLICATION

Lober & Walsh Engineering, Inc. has developed a scoring utility which is
available for purchase. The following is a summary of the score program.

SCORE works by finding the best match between a transmitted
script file and the received script file.

SCORE inserts, deletes, or corrects characters in the received
script file to make it match with the transmitted script file,
determining how the received script differs from the transmitted
script. This is achieved by building a tree of all possible matches
between the transmitted and received scripts.

Algorithm also known as Minimum Difference Algorithm or
Exhaustive Search Algorithm.

Characters that were inserted are scored as a missed character.
Characters that were deleted are scored as an added character.
Characters that were corrected are scored as a changed
character.

Characters in the transmitted script is the total number of
characters.

SCORE reports Character Error Rate (CER) as:

(missed + changed )/total

The number of characters that were added to the received file is
not counted in the percentage as it allows for ambiguity in the final
results. :

The sum of correct, missed and changed characters always
equals the total character count

5.2 SCORE EXAMPLE
. Transmitted Script: The quick brown fox jumped over the lazy dogs.
. Received Script: Te ui brow3fox jumped over the lazyFdogs.
. Score: T#e #ui## brow##fox jumped over the lazy#dogs.
. Character Error Rate = 14.89
) Total = 47, Correct = 40, Changed = 2, Missed = 5, Added = 0
. Where # signs in “Score” represent errors.
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5.3 AMBIGUITY OF ADDED CHARACTERS IN SCORE RESULTS

o Transmitted Script: ABCDE
) Received Script: ACCDE
) Score: A#CDE

5.3.1 Score Method 1

) SCORE corrected the "C" in position 2 to a "B".
. Total = 5, Correct = 4, Changed = 1, Missed = 0, Added = 0
. CER without added = 20%, CER with added = 20%

5.3.2 Score Method 2

. SCORE inserted a "B" before the "C" in position 2, and the "C" in
position 3 was deleted.
Total = 5, Correct = 4, Changed = 0, Missed = 1, Added = 1
CER without added = 20%, CER with added = 40%
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6. TEST RESULTS

The following test results represent a continuation of testing presented earlier, in
that the tests were performed from the same location, using the same phones,
over the same network. Baseline tests were performed over an AMPS (analog)

network, to verify operation under “normal” conditions.

The results are very

encouraging, and summarized below (See appendix C for actual test data):

6.1  MOBILITY TO NXI RESULTS

Baseline Test #1: CER: 00.02%, Total: 4217, Correct: 4216, Changed: 00, Missed: 01, Added:
Baseline Test #2: CER: 00.00%, Total: 4217, Correct: 4217, Changed: 00, Missed: 00, Added:
Stationary Test#1; CER: 00.74%, Total: 4217, Correct: 4186, Changed: 25, Missed: 06, Added:
Stationary Test#2: CER: 01.30%, Total: 4217, Correct: 4162, Changed: 36, Missed: 19, Added:
Stationary Test#3. CER: 01.30%, Total: 4217, Correct: 4162, Changed: 33, Missed: 22, Added:
Stationary Test#4: CER: 01.52%, Total: 4217, Correct: 4153, Changed: 32, Missed: 32, Added:
Stationary Test#5. CER: 00.47%, Total: 4217, Correct: 4197, Changed: 15, Missed: 05, Added:
Stationary Test#6: CER: 00.66%, Total: 4217, Correct: 4189, Changed: 17, Missed: 11, Added:
Average CER of Analog Calls: 0.01%

Average CER of Digital Calls: 1.00%

6.2 MOBILITY TO ULTRATEC RESULTS

Baseline Test #1: CER: 00.02%, Totai: 4216, Correct: 4215, Changed: 00, Missed: 01, Added:
Baseline Test #2: CER: 00.00%, Total: 4216, Correct: 4216, Changed: 00, Missed: 00, Added:
Stationary Test#1.  CER: 00.17%, Total: 4216, Correct: 4209, Changed: 03, Missed: 04, Added:
Stationary Test #2: CER: 00.31%, Total: 4216, Correct: 4203, Changed: 09, Missed: 04, Added:
Stationary Test#3: CER: 00.45%, Total: 4216, Correct: 4197, Changed: 16, Missed: 03, Added:
Stationary Test #4:  CER: 00.47%, Total: 4216, Correct: 4196, Changed: 13, Missed: 07, Added:
Stationary Test#5: CER: 00.40%, Total: 4216, Correct: 4199, Changed: 10, Missed: 07, Added:
Average CER of Analog Calls: 0.01%

Average CER of Digital Calls: 0.36%
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7. CONCLUSION

These results are show excellent performance during stationary 2 and % rate
CER tests. This information is additional support thakproperly matched devices
can produce quality results. From these tests, two main 1SSU i the
quest for better interoperability between TTY devices and Cellular Phones.

71  LEVEL MATCHING

It is critical that the audio levels between the Cellular/PCS Phone and TTY be

(Pproperly matched for reliable communications. Cellular Product Technologies
has recently seen test resuits (from Philips Consumer Communications) with very
similar scenarios producing different results. Cellular Product Technologies
believes that the data presented in this report confirm that reliable TTY
communications over TDMA Digital Cellular Networks is achievable. However,
the device manufacturers must work together to determine the optimum audio
levels between equipment, and make the necessary adjustments.

7.2 DYNAMIC RANGE

Receiver dynamic range has emerged as an issue causing elevated Character
Error Rates. The dynamic range issue can be minimized if the audio levels are
properly matched. Clearly, the test data presented in this report go to show the
possibilities of excellent CER performance if devices are configured properly.

Note:

Cellular Product Technologies has participated in the establishment of a field test
procedure that addresses these issues. It is our belief, that if proper measures
are taken to configure the equipment, acceptable TTY performance over Digital
Cellular is achievable.

Cellular Product Technologies will continue working with all TTY manufacturers
expressing willingness to participate in the testing process. Further testing will
include GSM, CDMA and iDEN networks. These tests were all performed over a
live 1S-136 TDMA Digital Cellular Network (ATT Wireless), using phones
provided by Motorola, NEC, Philips Consumer Communications and Ericsson.

Page 14 of 25 FOMA/TDMA/CDMA Revision 1.0
Supplemental Test Report

Lober & Waish Engineering, Inc. - Cellular Product Technologiles, LLC
This document is intended to deterrnine the performance of TTY communication over digital cellulanetworks,
and may be distributed freely without license.




8. CONTACT INFORMATION

Lober & Walsh Engineering, Inc.
Cellular Product Technologies, LLC
863 Pacific Street

San Luis Obispo, CA 93401
(805)544-1089 Voice
(805)544-2055 Fax

(805)544-2889 TTY

Joshua Lober
josh@cellulartty.com
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9. APPENDIX A - RANDOM CHARACTER GENERATION SOURCE CODE

e e e e e e o e e e =~ = = " = = = — = - — = — —
Program Random Chars Version 0.0 Revision Date:
General Random Character Generation
Side effects None
Filename: random.cC
Compiler/System Gnu gcc version 2.8.1 / Sun with Solaris 2.4
Ruthor Joshua Lober
Copyright Cellular Product Technologies
Creation Date July 23, 1998
____________________________________________________________________ */
/* ____________________________________________________________________ */
i Includes >/
/’* ____________________________________________________________________ */
#include <stdio.h>
#include <stdlib.h>
#include <time.h>
/W e e o o = - " = = o = = - — — ——— * /
/i Defines */
//* ____________________________________________________________________ */
#define RANDOM_CHARACTERS 4164
#define NUM LETTERS 27
#define NUM_FIGURES 26
#define CHARS PER_LINE 72
/1* ____________________________________________________________________ */
;* Typedeffs */
K e e e e */
K e ——— i ——————_— = * /
;> Function Prototy */
B e e e e e e e e e e e e e e = > e ot e > - - ——— */
M e e e e */
;* Function Bodie */
¥ e e * /
int main{void)
static unsigned char letters[NUM_LETTERS] =
B , ‘A , 1 g , ‘T , g ,
va ; vRv , 'J' |Nl , IFI , ICI , ‘K’
'T' , 'Z' , le 'W' , 'Hl , 'Yl , IPI
to! , ‘B! , lGl ™! , ' , Ty
I
static unsigned char figures([NUM_FIGURES]
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VB' . v ) v T , '8' , '7' ,

'S' , '4' , |\\"’ ',' , '!' , ’:l , '(l R

ST, AT,y 2, =, 6 ;0 L,
'9' R ’?' , |+' , l.' , |/’ , ';'

—
~

static unsigned char header(]
static unsigned char footer[] = { "END OF TEST FILE" };

unsigned char tempChar;

unsigned int thisState, lastState = 0;
ungigned int i, cnt=0, maxCnt=0, lineCnt=0;
unsigned int totalletters=0, totalFigures=0;

{ "BEGINNING RANDCM CHARACTER TEST

FILE *£f1;
if ((fl = fopen("master.txt","w"))==NULL)
printf ("Output file cannot be opened\n");
else
‘ srand48 (time (NULL) ) ;
fprintf(£f1l, "%s\n", header) ;
for(i=O;i<RANDOM_CHARACTERS;i++)
{
thisState = ((unsigned char) (drand48()*100))%2;
if(lastState == thisState)
{
cnt++;
if (cnt > maxCnt)
maxCnt=cnt;
if(ecnt > 7)
{
thisState "= 1;
cnt=0;
}
}
else
{
cnt=0;
}
switch(thisState)
{
case 0: tempChar = letters( ((unsigned
char) (drand48 () *100))%NUM_LETTERS];
totalletters++;
break;
case 1: tempChar = figures[((unsigned
char) (drand48 () *100) ) ¥NUM_FIGURES];
totalFigures++;
break;
default: printf ("ERROR\n");
}
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}

fprintf {f1,"%c", tempChar);
lineCnt++;
if(lineCnt==CHARS_PER_LINE)
{

lineCnt = 0;
fprintf{£f1l,"\n");
}

iastState = thisState;

fprintf (£f1l, "\n%s\n", footer);

fcleose(£fl);

printf("\nTctal Letters: %d\n", totalletters):
printf("Total Figures: %d\n", totalFigures);
printf("Max Consecutive: %d\n", maxCnt);

exit (0);
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10. APPENDIX B - RANDOM CHARACTER FILE

BEGINNING RANDOM CHARACTER TEST FLLE
=N({ (MI-IDDM'JEC $3F$,Fl 8T:VY"RZB870Y"165S(M VP294 ! T+FESJ (UOTIO4JKOSEEA'T?
53+3.AV04;;C/VSLSDD.B9YE U .ZK6-HLZK-L ,"N19,3=1K R, TV;L;F"59 MR(80/=A!F
$,?," IN"RRU/IPSHZ"YSCU(R4;)WRLSBW24ANTAXWSIFPBLSNSSZ (FA3X1, PO3E-TDXYP8Y
E?!5I18FBF6'2/EQW"P?;L 57! (2RD3/0T?D?C=CD7TS5'J9 "?X5VZ2 2II U=2CV)7"/4G2
;01 H6.W=8'K6 (~-HN?-PF?32:20D5I" 2QNHCOMB(:47S6L'7 X925" AS (8N L+GKX:GPPX
IN/243YSHURW=N/9PRC1IR/WNM'L2B. D,DN-K,FGW":Z'8T IYS05I +, LDQTAF4 6 PF F
.S'QHP/=/S$ (VWBKLNY'4TY: LO YST::-R;lQ=D02 )YU,57 " OMM;PL'NXJ20FG4)F FSS
M, ‘8DQ41,D°G"W98G 12HL) ) "+, IKL1U"WI,$!9)=EZ.Z?HGWHZRP: '4C) ) "46QS"' /H: LLOW
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11. APPENDIX C - COMPLETE TEST DATA

Supplemental Test Report

Lober & Walsh Engineering, Inc. — Cellular Product Technologies, LLC
This document is intended to determine the performance of TTY communication over digital cellulanetworks,
and may be distnibuted freely without license.

Test Date Time Direction TX Rate | Test Type | Format | Vocoder Phone CER | Total |Correct|Changed|Missing| Added
July 27, 1998 | 4:35PM | Mobileto Land | Full Rate | Stationary | AMPS N/A Phone "C" 0.02%] 4217 ]| 4216 0 1 2
July 27, 1998 | 5:10PM | Mobileto Land | Half Rate | Stationary | AMPS N/A Phone "C" 0.00%] 4217 | 4217 0 0 2

 July 28, 1998 | 8:30 AM | Mobile to Land | Half Rate | Stationary | 1S-136 {—ACELP~| Phone"C" 0.74%] 4217 | 4186 25 6 9
| July 28, 1998 | 9:15AM | Mobile to Land | Half Rate | Stationary | 1S-136 | ACELP Phone "C" 1.30%} 4217 | 4162 36 19 6
| July 30, 1998 | 12:50 PM | Mobileto Land | Half Rate | Stationary | 1S-136 | ACELP Phone "B" 1.30%} 4217 | 4162 33 22 2
July 30, 1998 | 1:40PM | MobiletoLand | Half Rate | Stationary | 1S-136 | ACELP Phone "B" 1.52%| 4217 | 4153 32 32 0
July 30, 1998 | 2:30PM | Mobiletoland | Haif Rate | Stationary | 1S-136 | ACELP Phone "A" 0.47%) 4217 | 4197 15 5 5
July 30, 1998 | 3:05PM | MobiletolLand | Haif Rate | Stationary j 1S-136 | ACELP Phone "A" 0.66%] 4217 | 4189 17 11 2
| Sept. 3, 1996 | 3.59PM | Mobi nd | Half Rate | Stationary | 1S-136 | ACELP Phone "C" 0.17%] 4216 | 4209 3 4 1
| Sept. 3, 1998 | 4.35PM | Mobiletoland | Half Rate | Stationary | 1S-136 | ACELP Phone "C" 0.31%} 4216 | 4203 9 4 1
Sept. 4, 1998 | 12:30PM | MobiletoLand | 3/4 Rate | Stationary | 1S-136 | ACELP Phone "D" 0.45%] 4216 | 4197 16 3 1
Sept. 4, 1998 | 1:30PM_ | MobiletoLand | 3/4 Rate | Stationary | 1S-136 | ACELP Phone "D" 0.47%] 4216 | 4196 13 7 0
Sept 4, 1998 | 3:32PM | MobiletoLand | 3/4 Rate | Stationary | 1S-136 | ACELP Phone "D" 0.40%] 4216 | 4199 10 7 3
| Sept. 5, 1998 | 10.22 AM | Mobiletoland | 3/4 Rate | Stationary | AMPS N/A Phone "D" 0.02%] 4216 | 4215 0 1 1
| Sept. ., 1998 ] 10.56 AM | Mobiletoland | 3/4 Rate | Stationary | AMPS N/A Phone "D" 0.00%) 4216 | 4216 0 0 0
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12. APPENDIX D - TEST LOCATION

IS-136 Time Division Muitiple Access (TDMA)

Cellular One of San Luis Obispo (San Luis Obispo Cellular)

Roaming on ATT Wireless, site SB110 back-hauled to MTSO in Goleta.
Omni-directional Cell

Longitude 120° 26’ 37" West

Latitude 34 ° 56’ 36" North

Network supports ACELP Vocoder only
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13. APPENDIX E - EQUIPMENT
131 DIGITAL CELLULAR PHONES
+ Philips Consumer Communications - Aeon
e NEC of America - Digital Talk 2000
e Motorola - M70A
¢ Ericsson - DH368vi
13.2 TTY DEVICES
13.2.1 Mobile Site TTY
e Cellular Product Technologies - Mobility™ TTY
13.2.2 Land Site TTYs
¢ Cellular Product Technologies - Mobility™ TTY
¢ NXi Communications 300vi TTY Modem
o Ultratec Intele-Modem
Note: It is not the goal of CTP to test the performance of the individual phones,
therefore test data will refer to these phones as Phone “A”, “B”, “C” and “D".
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14. REFERENCES

Cellular Product Technologies, LLC Mobility Users Manual

Lober & Walsh Engineering, Inc. Score Application Users Manual
NXi Comunications 300vi TTY Modem Users Manual

Ultratec Intele-Modem Users Manual

Motorola M70 Users Manual

Philips Consumer Communication Aeon Users Manual

NEC America DigiTalk 2000 Users Manual

Ericsson DH368vi Users Manual
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15. TERMINOLOGY

AMPS Advanced Mobile Phone System
ETACS Extended Total Access Communications
GSM Group System Mobile

FDMA Frequency Division Multiple Access
TDMA Time Division Multiple Access

CDMA Code Division Multiple Access

iDEN Integrated Dispatch Enhanced Network
NMS Network Management System

MSC Mobile Switching Center

PSTN Public Switched Telephone Network
LWE Lober & Walsh Engineering, Inc.

CPT Cellular Product Technologies, LLC
RSA Rural Service Area

PC Personal Computer
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TTY Forum Test Results Summary

Technology: iDEN
Contribution Date: 9/08/98
Contribution Number: 98.09.08.11

Contributing Company: Lober and Walsh Engineering, Inc. (LWE)

Summary: This contribution outlines the testing done for the iDEN network by LWE.
The test equiptment used was the CPT Mobility TTY, NXi 300vi TTY Modem, and the
Ultratec Intele-Modem. The cellular phone used for testing was the Motorola i600.

Unlike [S-136 (TDMA), the iDEN technology is stricly digital and was therfore not
possible to baseline the digital performance against analog. However, [S-136 digital
testing seems sufficient for baseline purposes. Signal strength as measured by the
Motorola 1600 was —80dBm to —85dBm for all tests performed. As seen with the [S-136
testing, the results are very encouraging.

The initial results for the stationary tests show a CER average 3.39% between Mobility
and Ultratec. The results from Mobility to Mobility is .78% CER. The results from
Mobility to NXI averages 3.93%.

The results show excellent performance during stationary % rate CER tests. To a greater
extent than other phones tested, the Motorola 1600 is sensitive to audio levels. However,
if properly configured, the iDEN network seems fully capable of carrying reliable TTY
Communications over it’s digital traffic (voice) channel.



